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(54) Method and apparatus for determining an optimum print density using printhead memory 
data In an ink Jet printer 



(57) A method and apparatus for determining an 
optimum print density for an Ink Jet printer (130) uses 
characteristics of a printer (130) and Hs peripheral com- 
ponents such aa an Ink Jet printhead (120), and an ink 
supply unit (1 10) to reach an optimum print density. The 
Ink Jet printer (130) receives a print command from a 
computer (100). The printer (130) reads an ink drop vol- 
ume parameter from a printhead memory device (121) 
on the ink jet primer (130). The processor (131) in the 
printer (130) determines an ink density compensation 
value for the Ink Jet printhead (120) baaed on the Ink 
drop volume parameter. The processor (131) on the ink 
Jet printer (130) applies the ink density compensation 
value to the print command, thereby creating a depleted 
print command. Finally, the depleted print command is 
printed 
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Description 

FIELD OF THE INVENTION 

$ [0001 ] Thfs invention relates to printers and, more particularly to a method and apparatus tor determining a optimum 
print density for a Inkjet printer. 

BACKGROUND OF THE INVENTION 

10 [0002] Thermal Inkjet printers have experienced great commercial success since they were invented back In the early 
1980*5. To accommodate the users of today, it has become very important for these ink jet printers to go faster and 
faster with each new generation. The same users also want Inproved print quality at these faster speeds. The dote used 
to construct ink jet characters have gotten progressively smaller to meet the print quality demands. Naturally, as the 
dots get smaller, more dots are required to construct each character. Although manufacturing of these printheads have 

is progressed as wed, K 1$ very difficult to get the exact same ei2e dot to come cut of every printhead. The rage of accept- 
able dot sizes is quite narrow; however, a printhead that generates dote on the large side of that range will create char- 
acters that their composition of larger dots has overlapped to the point that the media it is printed on becomes wetter 
and the edges of the characters or Images become less defined. 

[0003] The wet media problem is only compounded by the faster speeds of the newer Inkjet printers. The ink jet print- 
eo ing industry has been very successful at maximizing the speed of the ink jet printers whfe improving the print quality. 
The problem associated with increasing the speed has been ink dry time. At higher speeds, the ink on one page Is not 
fully dry before another page is printed and dropped on top of it In the output tray of the printer. This results in smearing 
or blotting between pages. The easiest solution to this problem was to slow down the printers that engineers had 
worked so hard to speed up and add in a hold time to allow each page sufficient dry time before the next sheet was 
es printed and dropped on top of it. This decreased the throughput of the printer. This was not a acceptable solution to con- 
sumers. 

[0004] A better solution to the problem was to add in a one-sheet hold buffer. "Phis was accomplished by sliding the 
page onto a set of output rails, or wings, that suspends the sheet above the output tray as rt was being printed, allowing 
the previously primed sheet in the tray below to dry. When the printing of a page was completed, the output mils would 
so drop to sheet onto the now dry sheet below. This ts the method used today in ink jet printers. 

[0005] Now the newest printers on the market have gotten so fast that they have outran the ability to consistently get 
the sheet dry by using the one-sheet hold buffer method. Consumers continue to want faster printers at an even higher 
. performance. In order to avoid returning to the point of compromising speed to eliminate smearing or blotting between 
pages, future ink jet printers must develop yet another solution. 

35 

SUMMARY OF THE INVENTION 

[0006] A method and apparatus for determining an optimum print density for an ink jet printer uses characteristics of 
a printer and its peripheral components such as an ink jet printhead, and an ink supply unit to reach an optimum print 
40 density. 

[0007] The ink jet printer receives a print command from a computer. The printer reads an ink drop volume parameter 
from a printhead memory device on the ink jet printhead and stores this parameter in a printer memory device on the 
ink jet printer. The processor in the printer determines an ink density compensation value far the ink jet printhead based 
on the ink drop volume parameter. 

49 [OOOS] The processor on the ink jet printer applies the ink density compensation value to the print command, thereby 
creating a depleted print command. Finally, the depleted print command is printed. 

BRIEF DESCRIPTION OF THE DRAWINGS \ 

50 [0009] 

FIG- lis a computer controlled ink jet printing system in the preferred embodiment of the invention. 
FK3, 2A through FIG. 2E illustrate exemplary variations of ink density compensation percentages applied to Ink jet 
printing from four percent in FIG. 2A to twenty percent in FIG. 2E. 
& FIG, 3 is a representation of an exemplary subtractive Ink Density Compensation rule used in the preferred embod- 
iment of the invention. 

FIG. 4 Is a graph of Ink Density Compensation Percentage and Effective Drop Volume versus Printhead Drop Vol- 
ume Ranges while printing in Normal mode. 
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FIG. 5 is a graph of Ink Density Compensation Percentage and Effective Drop Volume versus Printhead Drop Vol- 
ume Ranges while printing in High Quality mode- 

FIG. 6 is a representation of the flowchart of the preferred embodiment of the present invention for determining a 
appropriate ink density compensation percentage and necessary ink dry time. 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0010] FIG. 1 shows a computer 100 connected to inkjet printer 130. Inkjetprinter 130 has a printer memory device 

1 35 which Is capable of storing characteristics from peripheral devices such as ink supply cartridge 1 10 and inkjet print- 
to head 1 20 of ink jet print cartridge 150. Ink jet printer 1 30 also has a processor 131 which is capable of reading and 

manipulating data stored on printer memory device 135 in order to maxmize performance of Inkjet printer 130. 
[001 1 J Ink supply cartridge 1 10 has data in ink supply memory device 1 1 1 based on characteristics of the ink that is 
contained In Ink reservoir 1 12. In the preferred embodiment, when Ink supply cartridge 1 10 is Inserted Into InkJet printer 
130,1he data stored In Ink supply memory device 111 is loaded into printer memory device 135. Likewise, the data 

is stored In prfnthsad memory device 121 of InkJet printhead 120 is loaded into printer memory device 135 upon insertion 
of ink jet printhead 120 Into Ink jet printer 130. The data stored in printhead memory device 121 is based primarily on 
the characteristics of printing element 1 22. Ink reservoir 11 2 is connected to printing element 1 22 by a tube creating ink 
flow path 140. ^ . 

10012] In an alternate embodiment, ink supply cartridge 1 10 and inkjet printhead 120 would be integrated into one 

so unit in inkjet print cartridge 1 50, and would use only one memory device to store ell data end characteristics of the print- 
head and the Ink supply. Another alternate embodiment has been contemplated where multiple ink supplies supply one 
printhead. 

[001 3] In the preferred embodiment, ink supply characteristics stored in ink supply memory device 1 1 1 are used with 
InkJet printhead characteristics stored In printhead memory device 121 to select an appropriate ink density compensa- 

25 tion value tor subsequent character printing. Examples of Ink supply characteristics stored in Ink supply memory device 
1 1 1 are Ink formulation parameters associated with the ink In Ink reservoir 1 12 such as viscosity and optical density. 
The higher the viscosity and optical density, the longer the ink will take to dry when printed. An example of a character- 
istic of printing element 122 that is loaded into the printhead memory device 1 21 Is Ink drop volume. Ink drop volume is 
a measurement of the velum* of one droplet of Ink, This measurement is taken at the final stage of the marwtacturrng 

so process of the Ink Jet printhead by expelling a dropiet of ink into a measurement device, A high drop volume printhead 
will create larger drops on the page than a low drop volume printhead. When many drops are combined to form a char- 
acters Image, a high drop volume printhead will make a "weT character or image that takes more time to dry and also 
givesdegraded print quafity ^ , , ^. 

[0014] Ink jet printer 1 50 also has inherent characteristics that can be Incorporated Into the performance calculations. 

35 such as ambient temperature of inkjet printer 130. This temperature value is measured by ambient temperature sensor 

1 36 located within ink jet printer 1 30. This value is stored in printer memory device 1 35. The lower the ambient temper- 
ature, the longer the ink wfll take to dry when printed. Another inherent characteristic of inkjet printer 130 is humidity. 
The higher the humidity, the longer the ink win take to dry when printed. In the preferred embodiment, the humidity 
within ink jet printer 130 is measured by humidity sensor 137. The combination of ink characteristics, printing element 

)40 characteristics and Inherent printer characteristics determine the appropriate Ink density compensation value and 
required dry time for optimum printing with a particular combination of ink, printhead and printer. Whfie these parame- 
ters can be given equal weight m making this determination, ink drop volume and temperature are preferably given 
more weight than the other parameters In making the determination. In any event the following equations are preferably 
used in mating this determination: 

45 

Ink Density Compensation = Yi(A)(lnk Drop Volume) + (B)(lnk Viscosity)* , ^ 

(Om Color Density) + (D)(Printer temp)* (E)(Prirttef Humidity)} 

ink Dry Time = Zl(J)(lnk Drop Volume) + (Klflnk Viscosity)* 
{L)(trik Color Density) + (M)(Printer T£mp)+ {N)(Printer Humidity)] 

[0015] * Where A, B* C...N. are weighting constants (which in some embodiments are 0), and Y and Z are normalizing 
constants. Those skSled in the art will appreciate that other equations could be lisfeti and fall within the spirit and scope 

55 of the invention. . . A A 

[001 61 Several alternate embodiments have been contemplated where vanous subsets of one or more of the above 
mentioned characteristics determine the appropriate ink density compensation value and required dry time. For exam- 
ple, one alternate embodiment uses only the ink drop volume to determine the ink density compensation value. Another 
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alternate embodiment uses only the ambient printer temperature characteristic to determine the required dry time. 
Those skilled in the art will appreciate that a multitude of different subsets of these characteristics can be used and fail 
within the spirit and scope of the Invention. 

[0017} The combination of left hold wing 132 and right hold wing 133 form a media holding mechanism on ink jet 
s printer 1 30, creating a sheif for the page to rest on during printing. Those stilled in the art will appreciate devices other 
ttan wings could be used for the holding mechanism. The holding mechanism allows the previously printed sheet that 
is in paper tray 1 34 to dry. At the completion of the printing, left hold wing 1 32 and right hold wing 1 33 drop out of the 
way and the sheet falls to the paper tray 134. Finally, left hold wing 132 and right hold wing 133 go back to their shelf 
position and the next page commences printing. The time spent by the page in the shelf created by left hold wing 132 
10 and right hold wing 133 te called "wing hold time." Current high speed ink jet technology requires the wing hold time to 
be Increased far all prirttheads to accommodate high drop volume printheads, to avoid page to page blotting or smear* 
Ing caused by wet ink. This "least common denominator" approach unnecessarily slows down low and medium drop 
volume printheads. 

[001 8] FIG. 2A through FIG. 2E Illustrates exemplary variations of ink density compensation percentages applied to 
16 ink Jet pnrr&ig, Formation of characters in ink Jet printing is based on a matrix of very email dote. For clarity FK3. 2A 
through FIG. 2E use a five dot by five dot square matrix for illustrative purposes. This five by five matrix would typically 
fdrm a portion of one character, The blackened dots depict the dots to be depleted or "turned off/ The "dashed" dots 
are dots that would have to be present in the character or image for the blackened dot to be qualified for depletion. FIG. 
2A shows a four percent depletion with one out of twenty-five dots being depleted. FIG. 2& shows an eight percent 
so depletion. FIG. 2C shows a twelve percent depletion. FIG. 2D shows a sixteen percent depletion. FIG. 2E ehews a 
twenty percent depletion with five out of twenty-five dots being depleted. The highest drop volume printheads will apply 
the highest depletion value. Those skilled in the art would appreciate that a variety of depletion percentage posdbUrties 
could be used. 

[001 9] FK3L 3 is an iustra&on of an exemplary subtmctive ink density condensation rule. In this rule, the center black* 
2$ ened dot can only be depleted if the surrounding tour dots are commanded to be printed. With a sufficiently high drop 
volume printhead. the four dots will coalesce and fill In the space made by the depleted dot. Without this rule, depletion 
could cause visually obvious voids in cases where there were not four surrounding dots to cover for it Moreover, this 
rule preferably does not allow subtractive compensation in the outside row of dots, as there preferably would be a dot 
on both sides of a dot to be depleted. As a result of this Ink density compensation rule depicted in FIG. 3, borders and 
so edges maintain the desired sharpness and intensity. 

[Q020] FIG. 4 te a graph of ink Density Compensation Percentage and Effective Drop Urtume versus Printhead Drop 
volume Ranges while printing fn "normal" print mode. For ease of explanation in this preferred embodiment of the Inven- 
tion the ink density compensation percentage is represented in a subtractive mode, thereby compensating for high drop 
volume printheads by depleting selected drops of ink* However, in an alternate embodiment, a similar method has been 
ss contemplated to compensate for low drop volume printheads by using an additive method that would apply additional 
drops of ink 

[0021] Line 401 is the percentage of ink density compensation applied at the respective printhead drop volume 
ranges. These ranges go from How" on the left to "high" on the right in the preferred entailment the manufacturing 
process should discard any printhead with a drop volume below the low value or above the high value. Drop volumes 

«> outside the limits wtt be treated as being at the limits. Line 403 shows the effective drop volume realized upon applica- 
tion of tie Ink density compensation. Note that the effective drop volume stays relatively constant over a wide range of 
printhead drop volume ranges due to the Ink density compensation effect. Line 402 corresponds to the effective drop 
volume of the same printhead without the Ink. density compensation. Without ink density compensation, as the print- 
head drop volume increases, the effective drop weight also increases thereby creating a "wet" output 

45 [0022] The formation of characters in an ink Jet printer is based on a multitude of dots that touch ong another to give 
a solid appearance to the characters. With higher drop volume printheads, the dots begin to overlap thereby putting 
excessive ink on the page. As shown in FIG, 4, as the drop volume Increases the percentage of subtraofcVe ink density 
compensation is also increased. Therefore, as shown by line 403, the ink density compensation method is capable of 
maintaining a relatively constant level of effective drop volume or "wetness" without sacrificing print quality. 

so [0023] Currently, a high drop volume printhead leaves a very wet page and requires additional wing hofd time to dry. 
In the preferred eniD odiment of the invention, the subtractive ink density compensation applied to the Ink jet printing 
system accommodates for high drop volume printheads and compensates accordingly, creating a relatively consistent 
level of effective drop volume in each page. With a known wetness, the wing hold time necessary to dry the Ink can be 
minimized and the speed of the printer will therefore be optimized, 

& [0024] FIG. 5 is a graph of Ink Density Compensation Percentage and Effective Drop Volume versus Printhead Drop 
Volume Ranges when printing in "high quality", print mode Similar to FIG. 4, line 501 represents the ink density com- 
pensation percentage applied to the characters or Images based on the printhead drop volume. Line 503 represents 
the effective drop volume realized by the applied compensation of line 50t. And, line 503 represents the effective drop 
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volume in the absence of compensation, When printing in high quality print mode, users are expecting a darker, more 
densely printed output In this mode, the ink density compensation is not applied to lower drop volume printheads. Only 
mid-range to high drop volume printheads are compensated, thereby the effective drop volume is increased giving the 
desired darker, more densely printed output 
6 [0025] Another embodiment of the invention includes the ability to vary the ink density compensation based on media. 
Currently/ink jet printers use a high quality print mode for printing transparencies and would be compensated accord- 
ingly. Other ink density compensation has been contemplated for varying qualities of media either detected by the sys- 
tem or manually entered by the user. 

[0026] FIG. 6 represents detail of the flowchart for determining Ink density compensation percentage and wing hold 
10 time in the preferred embodiment of the Invention. The flowchart of PK3. 6 is preferably executed by suitably pro- 
grammed processor 131 of FIG. 1, although alternate embodiments have been contemplated where the flowchart of 
FIG. 6 describes the operation of special purpose hardware or through other means. 

[00273 The process begfris at the beginning of a print command. A print command is an order initiated by computer 
1 00 and sent to processor 1 31 of ink jet printer 1 30 (FIG. 1) for printing of one or more pages of text or images. By read- 

75 tng thd'printhead memory device 121 of FK3. 1 inWook62,theidentificatiQnof inkjetprinthead120isdeterntined. The 
ink memory device 1 1 1 of inksupply cartridge 1 10 of FIG. 1 is also read at this time. A comparison is made in block 64 
with the existing prfnthead Identification In InkJet printer 1 30 of FIG. 1 . If the Identifications match, then this Is not a new 
printhead. and f tow of control moves to block 66 which continues to use the existing printhead parameters in processor 
1 81 of ink jet printer 130. If the identifications do not match, this Is a new printhead and the printhead parameters, such 

so as ink drop volume, are read from printhead mamory device 121 of FIG. 1 in block 68 and stored in printer memory 

f device 135 of ink jet printer 1 30 for use by processor 131 . 

[0028] In block 70, the identification of ink supply cartridge 1 10 of FIG. 1 is read from ink supply memory device 1 1 1 
In block 62 and is compared with the identification currenfly stored in printer memory device 135 of ink Jet printer 130. 
Processor 131 determines if this is a new ink supply cartridge. t« the identifications match, it is not a new ink supply car- 

ss tridge and processor 131 Is Instructed to use the existing ink parameters In block 72. H the identifications are dissimilar, 
'it is a new ink supply cartridge. Block 74 reads ail ink formulation parameters, such as viscosity and color densfty.from 
lrfc memory device 1 1 2 of Ink supply cartridge 1 1 0 and stores the information In printer memory device 135 for use by 
processor 131. 

[0029] In block 76, the print mode and media type is read from printer memory 135. As previously discussed, these 

30 parameters are either determined by the printer or entered by the user. 

10030]- In block 78, processor 131 of ink fet printer 130. reads internal ambiert temperature sensor 136 and humidity 
sensor 1 37 located in the InkJet printer 130 (FIG. 1). This temperature and humidity reading to used in block 80 with the 
Ink parameters collected In blocks 74 and 76 to determine the wing hold time. The wing hold time is used to determine 
the optimum ink dry time required for the sheet to remain In Ihe winged shelf, created by left hold wing 1S2 and right 

as hold Wing 133. prior to dropping Into paper tray 134 (PIG. 1) in order for the ink to be sufficiently dry Preferably, the 
sheet has been given ample wing hold time to avoid the page to page Wotting and smearing that will occur In the paper 
trey 134 if the ink is stilt wet. 

[0031] m block 79, processor 131 of irttjetprirtferl30(FQ.1)determ^^ 

age to apply to the print command based on one or more of the characteristics of ink supply cartridge no and te ink 
\ 40 contained in ink reservoir 112, the characteristics of ink jet printhead 120 and Its printing element 122, and the inherent 
printer characteristics of ink jet printer 1 so. As noted previously, the higher the drop volume of the printhead, the higher 
the subtractive ink density compensation percentage will be, 

[0032] A composite Ink jet printhead cartridge has been contemplated where the printhead and ink supply cartridge 
is one unit. In this alternate embodiment there would be only one memory device to read for the entire unit that would 
46 supply both ink supply data as well as printhead data In this embodiment, blocks ea«6S would be incorporated Into 
blocks 70-74. 

[0033] Block 82 applies the newly calculated parameters for depletion percentage and wing hold time to the print com- 
mand, thereby creating a depleted print command. The depleted print command Is then printed by Inkjet printer 130 in 
block 84. Block 86 holds each page of printed output In left hold wing 132 and right hold wing 133 of ink jet printer^ 

so for the optimum ink dry time determined in block 80 for the previous page of output 

[0034J The use of He density compensation assures that there will be a near constant level of Vetnees* on the page 
for a specific combination of ink jet printhead and ink supply cartridge. The ability to maintain a near constant level of 
ink wetness on the page, coupled with the ability to reed other parameters such as the ambient temperature and the 
humltfty, allows a wing hold time tar tWs same combination to be determined and implemented. Moreover, when the 

66 combination of devices change by one or more elements, the ink density compensation and respective wing hold time 
are again determined to ensure maximum quality and speed based on the components installed. 
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Claims 

1. An Inkjet printhead (120), comprising: 

a printhead memory device (121) transmits data to a printer memory device (135) of an electrically connected 
Inkjet printer (130), said ink jet printer (130) having a processor (131) receives print commands from a com- 
puter (100). 

. 2. The Inkjet printhead (120) of claim 1 . wherein said data is an ink drop volume parameter used by said ink jet printer 
(1SO) to determine an optimum print density. 

3. The Inkjet printhead (120) of claim 1 , further comprising; 

an ink supply cartridge (1 1 0) in fluid communication with said InkJet printhead (120), said ink supply cartridge 
(110) having an ink supply memory device (1 11) for storing a plurality of ink formulation parameters, said Ink 
supply cartridge (1 10) transmits said ink formulation parameters to said printer memory device (135) of said 
ink jet printer (130). 

wherein said processor (131) of said ink jet printer (130) combines said ink formulation parameters from said 
ink supply cartridge memory device (11 1) and data from said printhead memory device (121) stored in said 
printer memory device (135) to determine en optimum print density. 

4. The ink jet printhead (120) of claim 3, wherein said processor (131 ) uses temperature data from a temperature sen- 
sor (136) in sard ink jet printer (130) to determine an optimum ink dry time, 

5. The ink jet printhead (120) of claim 3. wherein said processor (131) uses humidity data from a humidity sensor 
(137) in said ink jet primer (190) to determine said optimum ink dry time. 

6. The ink jet printhead (120) of claim 5, wherein said ink jet printer (130) further comprises: 

a left output holding wing (132) and a right output holding wing (133), said left output holding wing (132) and 
said right output holding wing (133) together holds a finished printed page during printing; and 
an output tray (134) located below said left output holding wing (132) and said right output holding wing (133), 
wherein said finished printed page drops from said left output holding wing (132) and said right output holding 
wing (133) after a prescribed ink drying time onto said output tray (184). 

7. A method of determining an optimum print density for an ink jet printhead (1 20) used in an ink jet printer (130), said 
method comprising the steps of: 

receiving a print command In said ink jet printer (130) from a computer (100); 

reading an ink drop volume parameter from a printhead memory device (121) on said Inkjet printhead (120) 
into a printer memory device on said Ink jet printer (130); 

determining an ink density compensation value tor said ink jet printhead (120) in response to said reeding of 
said ink drop volume parameter; 

applying said ink density compensation value to said print command, thereby creating a depleted prim com- 
mand; and 

printing said depleted print command. 

8. The method of claim 7, wherein said step of determining said ink density compensation value further comprises the 
stop of: 

reading an ink formulation parameter from an ink memory device (1 11) on an ink supply cartridge (1 1 0} into a 
printer memory device (135) on said ink jet printer (130). 

d. The method of claim 8, further comprising the steps of: 

measuring an ambient temperature of said ink jet printer (130); 

calculating an optimum Ink dry time based on said ambient temperature; and 

holding each page of printed output for said print command for said optimum ink dry time of the previous page 
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of printed output for said print command. 
1 o. The method of claim 8, further comprising the steps of: 

measuring a humidity value of said ink jet printer; and 

calculating said optimum ink dry time in said processor (131) in said Ink Jet printer (130) using said humidity 
value, said ambient temperature and said ink formulation parameter. 
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